Deoxyribonucleic acid relatedness studies (S1 nuclease method) showed that 23 unidentified Staphylococcus strains form two homogeneous genomic species related 1 to 9% to 24 type strains representing known Staphylococcus species. These new species were named Staphylococcus lugdunensis and Staphylococcus schleiferi. Strains of S . lugdunensis were susceptible to novobiocin, produced a fibrinogen affinity factor, and failed to produce coagulase, heat-stable nuclease, and staphylokinase. S . lugdunensis strains differed from S. horninis (the phenotypically closest species) by production of ornithine decarboxylase and the fibrinogen affinity factor. The guanine-plus-cytosine content of the deoxyribonucleic acid was 32 mol%. The type strain is N860297 (= ATCC 43809). Strains of S . schleiferi were susceptible to novobiocin, produced a heat-stable nuclease and a fibrinogen aanity factor, and failed to produce coagulase and staphylokinase. S. schleiferi strains differed from S. aureus by production of an antigenically different heat-stable nuclease and the lack of pigmentation, free coagulase, protein A, and Q-ribitol teichoic acid. The guanine-plus-cytosine content of the deoxyribonucleic acid was 37 mol%. The type strain is N850274 (= ATCC 43808).
The genus Staphylococcus is currently composed of nonmotile, catalase-positive, facultatively anaerobic, gram-positive cocci. In the last decade, the number of validly published species in the genus Staphylococcus has increased from a few to 24 . In clinical practice, Staphylococcus species have been isolated with increasing frequency from infected patients with decreased resistance to infections.
When an improved gallery was evaluated for the biochemical identification of staphylococci (l), 47 strains were unidentified although they constituted four biochemical patterns provisionally called NC1, NC2, NC3, and NC4. Subsequently, deoxyribonucleic acid (DNA) relatedness studies identified group NC1 as Staphylococcus haemolyticus and group NC3 as Staphylococcus horninis (unpublished data).
The present article reports the delineation of two new genomic species (NC2 and NC4), their phenotypic characterization, and their formal descriptions as Staphylococcus lugdunensis sp. nov. (NC2) and Staphylococcus schle$eri sp. nov. (NC4).
MATERIALS AND METHODS
Bacterial strains. The strains studied were recovered from human clinical specimens and were collected by the French National Reference Center for Staphylococci (Lyon, France) in the last decade. Group NC2 comprised the following 11 strains: 308, 995, 1174, 1257, N850412 (all five from blood), N860165 (intrauterine device), N860172 (thoracic drain), N860210 (umbilicus), N860297 (axillary lymph node), N860314 (abscess drain), and N850420 (unknown specimen). Group NC4 comprised the following 12 strains: N860003, N860207, N860265, N860346, N860375 (all five from blood), N860096, N860097, N860173 (all three from * Corresponding author. wounds), N860215 (urine), N860310 (cranial drain), N850274 Qugular catheter), and N860405 (unknown specimen). Phenotypic tests. Morphology and pigmentation of colonies were observed on P agar (21) and P agar containing 1.7% (vol/vol) skim milk after 5 days of incubation at 35°C. The optimal growth temperature was determined in brain heart broth (BioMerieux, Marcy I'Etoile, France) by incubating the cultures in a water bath at 20, 30, 35, and 45°C; NaCl tolerance was studied on P agar containing 0,50,75, and 150 mg of NaCl per ml.
The following characteristics were determined as previously described: oxidase test (13); anaerobic growth in semisolid Brewer thioglycolate medium (Difco Laboratories, Detroit, Mich.) (11, 19) ; production of acid from glycerol in the absence of erythromycin (31) ; susceptibility to the vibriostatic compound 0/129 tested on Mueller-Hinton agar (BioMerieux) with paper disks containing 0.5 mg of 0/129 (Diagnostics Pasteur, Marnes-la-Coquette, France) (3); susceptibility to bacitracin tested on Mueller-Hinton agar with disks containing 0.02 IU (Diagnostics Pasteur) (12); susceptibility to lysostaphin tested in P agar (Difco) containing 25, 50,75, 100, and 200 pg of lysostaphin (Sigma Chemical Co., St. Louis, Mo.) per rnl(l9); susceptibility to lysozyme tested in P agar containing 400 pg of lysozyme (Sigma) per ml (32) ; hydrolysis of gelatin (Difco) (15) and fibrinolysin (from human plasma, Centre de Transfusion Sanguine, Lyon, France) (7); free coagulase tested on rabbit plasma (BioMCrieux) and on bovine plasma (Sorga); clumping factor detected with a 115 dilution of human plasma; fibrinogen affinity factor detected using the Staphyslide test (BioMCrieux) and bacteria grown on P agar, Columbia blood agar, tryptic soy agar (BioMerieux) supplemented with 5% (vol/vol) sheep blood, and nutrient agar CM3 (Oxoid Ltd., Basingstoke, England); heat-stable nuclease (22) ; and inhibition of Staphylococcus aureus deoxyribonuclease by specific antibodies (Staphynuclease; BioMerieux). Hemolytic activity was detected on blood agar base (BioMerieux) supplemented with 5% (vol/vol) washed rabbit or sheep erythrocytes. a-Hemolysin was identified with a specific antiserum (Behring, Marburg, Federal Republic of Germany). Acid production from carbohydrates and enzymatic activities were studied with API-Staph galleries (API System, La Balme les Grottes, France) (6) and a prototype API gallery comprising 26 biochemical tests, including 15 carbohydrates, 10 enzymatic tests, and a test for novobiocin susceptibility (1). Production of acetoin from pyruvate was determined using API-Staph medium and reagents (API System) as previously described (2) .
Enterotoxins A, B, and C and the toxic shock syndrome toxin (TSST-1) were detected by gel immunodiffusion (17, 23, 34) . The exfoliatin toxin was detected by inoculation of 0.1 ml of an overnight broth culture into newborn mice (24) . The minimal inhibitory concentrations of 15 antibiotics were determined by the agar dilution technique with tryptone soy agar (Oxoid) inoculated with a 1/100 dilution of an overnight broth culture. Staphylococcus aureus ATCC 29213, Staphylococcus saprophyticus CCM 883, and M . kristinae CCM 2690 served as controls.
Phage typing was done using the International Basic Set of 23 typing bacteriophages for S . aureus (10) provided by N. El Soh1 (Institut Pasteur, Paris, France). The strains were serotyped by the Oeding-Haukenes-Griin system modified by Fleurette and Modjadedy (14) with 18 sera. Protein A was detected by gel immunodiffusion, using a 24-h culture in nutrient broth 2 (Oxoid) supplemented with 12 g of Noble agar (Difco) per liter (26) . p-Ribitol teichoic acid was detected by gel immunodiffusion by using the same medium as for protein A but supplemented with 2 mg of D-glucose per ml (27) .
Cell walls were prepared and the peptidoglycan type was determined according to Schleifer and Kandler (29) . The composition of cell wall teichoic acids was determined as previously described (30) . The procedure used for determining the configuration of the lactic acids produced has been published previously (32, 33) .
DNA-DNA hybridization. Published methods were followed for the extraction (18, 25) and purification ( 5 ) of DNA. Native DNA was labeled in vitro by nick translation with tritium-labeled nucleotides (Amersham International, Amersham, England). The S1 nuclease method (8) was used by following a procedure (S1 nuclease-trichloroacetic acid procedure) detailed elsewhere (16). The temperature (T,) at which 50% of the reassociated DNA became hydrolyzable by the S1 nuclease was determined (8) . The difference (AT,) between the T, of the homologous reaction and that of a heterologous reaction is an estimate of the divergence between the two DNAs (4).
DNA base composition.
The guanine-plus-cytosine (G + C) content of DNA was determined from melting temperatures by the equation of Owen et al. (28) . Escherichia coli K-12 DNA, taken to have a G+C content of 50.6 mol%, was included as a standard. '' AT,,, values (in "C) are given in parentheses.
RESULTS

DNA
The 11 strains of S . lugdunensis formed a tight genomic species related more than 81% to strain N850412 with insignificant divergence (AT,,, below 1°C) and related only 1 lo 8% to all other named species of the genus Staphylococcus. The type strain of S. lugdunensis was related 94% to strain N850412. It was thus found useless to label the type strain, in addition to strain N850412.
The 12 strains of S . schleiferi also formed a genomic species related 73 to 100% to strain N850274 with insignificant divergence below l°C) and related only 2 to 9% to all other named species of the genus Staphylococcus.
DNA base composition. The average base composition of S . lugdunensis N860297 DNA was 32 mol% G+C, and that (of S. schleiferi N850274 DNA was 37 mol% G+C.
Phenotypic properties of S. lugdunensis. Characteristics that were common to all strains are given in the species description.
Morphology and pigmentation of the 11 strains studied were variable, depending upon the culture medium and the time of incubation. Colony diameter varied from 1 to 4 mm ion P agar and P agar with milk after 72 h of incubation at 35°C. On both media, eight strains gave smooth, glossy colonies with regular edges, fairly flat, with a slightly acuminated center after 1 week of incubation. Colonies were slightly yellow pigmented after 1 and 2 days, pale yellow to golden after 3 to 5 days. For these eight strains, the pigment was more visible on P agar with milk. Colonies of strains 1174, 1257, and N850420 were smooth, regular, glossy, and cream colored. Some colonies were rougher and dull, with irregular edges. After 2 days, the pigment of the smooth colonies intensified, whereas the rough colonies had jagged or crinkled irregular edges with a cream-colored center. On P agar with milk, these strains were flat and rough with very irregular edges and remained pigmentless even after 1 week. Subcultures on P agar yielded colonies with a smooth center surrounded by a wrinkled cream collar. Acid was produced from lactose by 10 strains and weakly produced from turanose by 8 strains. Urea was hydrolyzed by seven strains.
Detection of the fibrinogen affinity factor varied with the medium used. On Columbia blood agar and nutrient agar CM3, five strains were positive for this factor and six other strains were weakly positive. On P agar, six strains were weakly positive and the remaining strains were negative. Gelatinase was not produced, although strain N860297 weakly hydrolyzed gelatin.
S. aureus type antigens c,/m/o and h,/l were found in seven and four strains, respectively.
Phenotypic properties of S . schleiferi. Characteristics which were common to all strains are given below in the species description.
On P agar with milk, five strains gave irregular, wrinkled colonies with a smooth and occasionally concave center after 3 days. Gelatin was either weakly (three strains) or not hydrolyzed. Eleven strains reduced nitrate to nitrite. Pyrrolidonyl aminopeptidase was produced by 11 strains. Eight strains weakly hydrolyzed 2-naphthyl-P-~-galactopyranoside. Nine strains produced acid from trehalose and weakly produced acid from D-fructose. The fibrinogen affinity factor was produced by nine strains (weakly produced by three other strains) grown on P agar and by six strains (weakly produced by five other strains) grown on Columbia blood agar or nutrient agar CM3. Clumping factor with human plasma was produced by 11 strains.
Two strains reacted as bacteriophage type 3A in the S . aureus phage typing scheme. All other strains were resistant to these phages. S . uureus type antigens a4,a5 and i,i, were detected in three and nine strains, respectively.
DISCUSSION
The strains studied have the following general properties. Cells were spherical; 0.5 to 1.5 pm in diameter; occurring singly, in pairs, or tetrads; gram-positive; and nonmotile. The cell wall contained peptidoglycan and teichoic acids. The diamino acid present in the peptidoglycan was L-lysine. The strains were facultative anaerobes, produced catalase, and were lysed by lysostaphin but not by lysozyme. The range of G+C content of their DNA was 30 to 39 mol%. Thus, these strains belong in the genus Staphylococcus (20) . Susceptibility to nitrofurantoin can also be used to distinguish our strains from Micrococcus species (9, 35) .
The DNA relatedness experiments showed that the biochemical groups previously referred to as NC2 and NC4 constitute two genomic species clearly distinct from all named Staphylococcus species. Since these genomic species can be identified by phenotypic characters (Table 2) , they are formally named and described below.
Description of Staphylococcus lugdunensis sp. nov. (lugdunensis, Latin adjective of Lugdunurn, the Latin name of Lyon, a French city where the organism was first isolated). The description is based on 11 clinical strains. Cells are nonsporulating, nonmotile, gram-positive cocci; 0.8 to 1 .O pm in diameter; occurring singly, in pairs, small clusters, or chains composed of three to five cells. Grows on 10% (wt/vol) NaCl in P agar after 24 h and on 15% NaCl after 96 h. Grows well in brain heart broth at 30 to 45°C and weakly at 20°C. Facultatively anaerobic. Grows heavily throughout the tube of thioglycolate medium. D-Lactic acid is the predominant acid produced from glucose under anaerobic conditions. Catalase produced. Oxidase not produced. Coagulase test negative with rabbit and bovine plasma. Heatstable nuclease negative. Staphylokinase not produced. Clumping factor positive with human plasma. Nitrate reduced to nitrite. Acetoin produced from pyruvate. Ornithine decarboxylated. Pyrrolidonyl aminopeptidase and N-acetylglucosaminidase tests positive. Alkaline phosphatase and P-galactosidase tests negative. Acid produced from D-glucose, D-fructose, D-mannose, maltose, trehalose, sucrose, and glycerol. Acid not produced from D-mannitol, Draffinose, ribose, L-arabinose, D-cellobiose, D-xylose, xylitol, D-melibiose, and a-methyl-D-glucoside. Esculin, P-glucuronidase, L-arginine arylamidase, and L-arginine dihydrolase tests negative. Weak hemolysis on sheep blood agar after 2 days. Hemolysis on rabbit blood agar not neutralized by antistaphylococcal alpha-toxin serum.
Enterotoxins A, B, and C, TSST-1 toxin, and exfoliatin toxin not produced. Susceptible to 25 mg of lysostaphin per ml and resistant to 400 mg of lysozyme per ml. Resistant to vibriostatic compound 01129 and to bacitracin. Susceptible to 0.12 pg of novobiocin per ml. Susceptibility to the following antibiotics is similar to that of S . aureus ATCC 29213 (minimal inhibitory concentrations are given in parentheses): penicillin G (0.06 pg/ml), oxacillin (0.12 to 0.5 pg/ml), gentamicin (0.12 pg/ml), kanamycin (0.5 pg/ml), amikacin (0.5 to 2.0 pg/ml), chloramphenicol (2 to 4 pg/ml), tetracycline (0.12 Fg/ml), erythromycin (below 0.06 pg/ml), clindamycin (below 0.06 pg/ml), rifampin (below 0.06 pglml), vancomycin (0.5 to 1 pglrnl), pefloxacin (0.5 to 1 pg/ml), fosfomycin (2 to 16 pg/ml), nitrofurantoin (5 to 10 pglrnl), and trimethoprim-sulfamethoxazole (2 to 4 pg/ml).
Resistant to 23 S . aureus typing bacteriophages. Cell wall teichoic acids contain glycerol, glucose, and glucosamine. Protein A and P-ribitol teichoic acid not present. Peptidoglycan is of the L-LYs-G~Y,, type. + ---+ + + + + -
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Heat-stable nucle- The type strain is strain N860297 (= ATCC 43809). Description of the type strain. Strain N860297T was isolated from an axillary lymph node. The type strain has all the characteristics of the species. In addition, it has the following properties. On P agar, colonies are circular, smooth and glistening, and 3 mm in diameter, with an entire edge. A creamy or yellowish orange pigment is produced after 5 days. Older colonies show an acuminate center. Broth cultures are uniformly turbid with a small deposit. Fibrinogen affinity factor is detected on blood agar or nutrient agar cultures. Good growth on 10% NaCl, poor growth on 15% NaCl. Weak hydrolysis of gelatin. Acid produced from lactose, weakly produced from turanose. Staphylococcus aureus antigen c,/m/o present. The base composition of DNA is 32 mol% G+C (thermal denaturation method).
Description of Staphylococcus schleifen' sp. nov. (Latin genitive form of Schleifer. The name honors Karl Heinz Schleifer, German microbiologist, for his many contributions to the taxonomy of gram-positive organisms). The description is based on 12 strains. Cells are gram-positive cocci; 0.8 to 1.0 pm in diameter; nonmotile and nonsporeforming; occurring singly, in pairs, small clusters, or chains composed of three to seven cells. Colonies on P agar are 3 to 5 mm in diameter after 4 days of incubation, nonpigmented, smooth and glossy, and slightly convex, with regular edges. Good growth on 10% NaCl. Weak growth on 15% NaCl after 4 days. Homogeneous and heavy growth in brain heart broth at 30 to 45°C. Weaker growth in 3 days at 20°C. Good growth in both the aerobic and the anaerobic parts of thioglycolate medium. In thioglycolate broth, the predominant acid is L-lactic acid. Weak hemolysis on sheep blood agar after 2 days; no hemolysis on rabbit blood agar. Catalase produced. Oxidase test negative. Coagulase test negative with both rabbit plasma and bovine plasma. Staphylokinase not produced. The heat-stable nuclease produced is not inhibited by Susceptible to 25 pg of lysostaphin per ml. Resistant to 400 pg of lysozyme per ml. Resistant to the vibriostatic compound 01129 and to bacitracin. Susceptible to 0.12 pg of novobiocin per ml. Susceptibility to the following antibiotics is similar to that of S . aureus ATCC 29213 (minimal inhibitory concentrations given in parentheses): penicillin G (0.06 pg/ml), oxacillin (0.12 to 0.25 pg/ml), gentamicin (below 0.06 pg/ml), kanamycin (0.5 pg/ml), amikacin (0.25 to 0.5 pg/ml), chloramphenicol(2 pg/ml), tetracycline (0.12 to 0.25 pg/ml), erythromycin (below 0.06 pglml), clindamycin (below 0.06 pg/ml), rifampin (below 0.06 p,g/ml), vancomycin (0.50 to 1 pg/ml), pefloxacin (1 pg/ml), fosfomycin (0.12 to 2 pg/ml), nitrofurantoin (2.5 to 5 pg/ml), and trimethoprim-sulfamethoxazole (1 to 4 kg/ml). The peptidoglycan structure is of the The cell wall teichoic acids contain glycerol, glucose, and glucosamine. There is no f3-ribitol teichoic acid or protein A.
The type strain is strain N850274 (= ATCC 43808). Description of the type strain. Strain N850274T was isolated from a catheter. The type strain has all the characteristics given for the species. In addition, it has the following properties: nitrate reduced; pyrrolidonylaminopeptide and 2-naphthyl-P-~-galactopyranoside hydrolyzed; clumping factor produced; acid weakly produced from fructose; no L-LY s-GlY,,-SerO;,,.? t Y Pe * ;acid produced from trehalose. Gelatin not hydrolyzed. Not typable by the International Basic Set of S. uureus phages.
S . aureus antigen a5/ili2. The G+C content of DNA is 37 mol%.
